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Abstract

Thecreationof parameterstudysuiteshasrecentlybecomeamorechallengingproblemastheparameterstudieshave
becomemulti-tieredandthecomputationalenvironmenthasbecomea supercomputergrid. Theparameterspacesare
vast,theindividual problemsizesaregettinglarger, andresearchersareseekingto combineseveralsuccessive stages
of parameterizationandcomputation.Simultaneously, grid-basedcomputingoffers immenseresourceopportunities
but at the expenseof greatdifficulty of use. We presentILab, anadvancedgraphicaluserinterfaceapproachto this
problem. Our novel strategy stressesintuitive visualdesigntools for parameterstudycreationandcomplex process
specification,andalsooffersprogramming-freeaccessto grid-basedsupercomputerresourcesandprocessautomation.

1 Moti vation and Background

Only a decadeago,the solutionof the partial differentialequationsrequiredfor the evaluationof aerospacevehicle
flow-fields typically involveda singlediscretizationzoneandwasperformedon a singleprocessorof a high-speed
computeenginethatwasusuallysituatedlocally. Thesecomputetasksweresocostly in CPUcyclesthat thenotion
of performingparameterstudieswasusually ignored. Now, however, the flow-solversare typically parallelcodes,
andthe problemsto be solved involve large numbersof interrelateddiscretizationgrids. The computeenginesare
frequentlylargeparallelmachineswith multi-gigabytememoriesandterabytedisk farms.Researchershaveavailable
theresourcesnot only of their own laboratoriesbut alsothoseat othercomputercenterswhich areaccessiblevia fast
networks. Parameterstudiesarenow quite feasibleandarebeingperformedon a regularbasisby many researchers
who requiresolutioninformationthroughouta givenaerospacevehicleflight regime. Thedifficulties,however, have
shiftedto themanualcreationof theseparameterstudiesandto tasksassociatedwith launchingandmanagingthelarge
numberof jobsrequiredby thesestudies.Modernaerospaceflow-solversfrequentlyrequirelargesetsof discretization
grids which describethe geometryof the aerospacevehicle. Subsequently, thesesolvers produceas output large
collectionsof datafiles. Currently, most parameterstudiesare performedwith two-dimensionalflow solvers, but
researchersarestartingto usethree-dimensionalsolversfor their parametricexperiments.

Recentdevelopmentsin grid-based“metacomputing”suchasGlobus[1]. andLegion [2] havecreatedopportuni-
tiesfor runningparameterstudieson remotenetworkedhigh-performancecomputeserverswhich constitutea shared
resourcefor participants.But theseopportunitiescomeat a price: theproliferationof job control language (JCL) to
supportthesecapabilities. This hasplacedan onuson usersof thesemetacomputinggrids who aretypically engi-
neeringandresearchcodeusersbut who arenot generallywell preparedor enthusiasticaboutlearningor creatingthe
requisitecontrol languagescriptsfor managingdistributedparameterstudies.NASA is currentlybuilding a national
metacomputinginfrastructure,calledthe“InformationPowerGrid” (IPG) [3]. TheIPG is intendedto provideubiqui-
tousanduniformaccessto awiderangeof computational,communication,dataanalysis,andstorageresources,many
of which arespecializedandcannotbe replicatedat all usersites. At this time, however, the interfaceto the IPG is
still underdevelopment.
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We briefly describethenotionof a “parameterstudy” by giving two generalexamples.Simulationcodesproduce
resultswhich are the solution to a scientificor engineeringproblemdefinedfor somesetof values(“parameters”)
which arethe input to thecodeandwhich definetheoriginal problem. Varying theseparameterstypically produces
differentresults. Varying theseparametersthroughsomespecificrange(the “parameterspace”)will yield a setof
resultsdescribingbehavior in this parameterspace.It is this family of relatedresultsthataresought;this is calleda
“parameterstudy” (sometimeswritten as“parametricstudy”). As a secondexampleof a parameterstudy, we point
to MonteCarlosimulations.MonteCarlocoderunstypically mustbe repeatedsomesubstantialnumberof timesin
orderto beableto accumulatesufficient datato bestatisticallymeaningful,i.e., theresultsmustbeaccumulatedinto
ensembleaverages.This too, then,canbe considereda type of parameterstudywherethe parameterto be varied
merelyis theseedfor randomnumbergeneration.In this case,though,the parametervarieddoesnot actuallyhave
any significanceasaphysicalparameterof theproblem.

Theendproductof creatingandlaunchingparameterstudiesis typically a largesuiteof resultfileswhich mustbe
postprocessedand/ormovedto someform of long-termstorage.Furthermore,parameterstudyusersmustbeableto
keeptrackof theseresultsandlog into a scientificdiary suchparticularsasnatureof thesolvedproblem,locationof
theresultfiles,historyfor theindividual runs,andany otherassociatedinformation.Beingableto easilyrecreateand
thenmodify theparameterstudyis alsoanimportantneedfor many users.

As a resultof theseconcerns,weundertookto determineif thereexistedaparameterstudycapabilitythatfulfilled
the needof usersat NASA AmesResearchCenter. The only tools that seemedapplicablefor thesetaskswerethe
historicallyrelatedClustorandNimrodcodes[5]. Wetestedandsurveyedthecapabilitiesof thesetools.BothClustor
andNimrod wereableto generateandlaunchsimpleparameterstudies.They alsoimplementedan internal“meta-
language”for describingparameterstudycreation. Additionally, they madeit easyto parameterizecommandline
arguments.

However, thesetoolsdid not fully meettherequirementsof our users.Someof theserequestedcapabilitiesareas
follows. Usersmusthave accessto multiple job submissionenvironments.Theseusageenvironmentsmustinclude
any combinationof PBS[6], LSF [7], MPI, Globus,Condor[8], andLegion. Also, usersrequiretheability to create
whatwecall “multi-stage”parameterstudies(adetailedexampleof this is givenin section7). Usersalsoneeda“fire-
and-forget” capability, i.e., oncethe parameterstudysuiteis created,it shouldbe possibleto initiate job launching
andthenshutdown theparameterstudytool entirely. Werequiredthatjob submissionshouldcontinueautonomously,
andwithout thecontinuedpresenceof theparameterstudytool. Usersalsorequirea fairly comprehensivelevel of job
auditingandscientificdiary capability, which we seeasthesecretarialsideof a problemsolvingenvironment(PSE).
On thedevelopmentside,we neededto designa parameterstudytool thatcouldbeeasilyextendedusinga very high
level rapid-prototypinglanguage(suchasPerl).This is becauseweenvisionusingthetool asatestbedfor experiments
in parameterstudycreationmodels,job submissionmodels,andcomplex processspecificationmodels.We alsoneed
to beableto usethetool to generateshellscriptsdesignedfor parameterstudyjob submissionandfor complex process
job submission(visualscripting).It is essentialthatthescriptgenerationprocessbeveryflexible.

2 ProblemDefinition

Creatingandlaunchingparameterstudieswithout theassistanceof automatingtools is laborious,tedious,anderror-
prone. By briefly examiningthe stagesrequiredfor this task,we will be ableto discernthe natureof the inherent
problems. The first task in this processis to createthe setof parameterizedinput files which incorporatethe sets
of valuesrepresentingthe parameterstudy. Theseparametervalue setsare a Cartesianproductof the individual
setsof valuesover which eachof the parametersof interestvary. As such,the total numberof combinations(the
parameter space) canquickly get to bevery large,andcreatingthesesetsof input files manuallyis time-consuming
anderror-prone.Eachof theresultantinput files representsauser-programrun. Launchingthesejobsinvolvessetting
up partitionedfile spacesin which thesejobs canbe run, supplyingeachof the runswith all requiredinput files,
submittingthe jobs, andthenmonitoringjob progressandmanagingthe output from theseruns. We have adopted
thepolicy thatall of thesefunctionsmustbeautomatedandintegratedinto a singleGraphicalUserInterface(GUI);
this was our first designrequirement.Our seconddesignrequirementwas that of extremesimplicity of use. We
believethatusersarevery sensitive to ease-of-useissues,andthatthey will ultimatelyavoid processautomationtools
thataredifficult or non-intuitive in use. The third designrequirementis thata parameterstudytool mustbe ableto
automaticallyself-documenttheactionsit performs.If it cannotdo this,userswill very quickly bemiredin a morass
of hundreds,even thousands,of old runswhoseorigin andpurposeareno longerobvious. This thereforeforcesa
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completeparameterstudytool to be partPSEandpart scientificdiary. The fourth designrequirementis thatof job
submissionflexibility in a scientificcomputationenvironmentthat is currentlyin flux. This is because“Grid-based”
computinghasaddednew complexities andnew layersof JCL to thetaskof submittingjobs. ILab meetsall of these
four userrequirements.

3 BasicAssumptionsand Requirementsfor Distrib uted Processing

Wehavestartedwith two basicassumptionsaboutNASA’sdistributedcomputingenvironmentinto which jobswill be
launched.Thefirst is theneedto maintainproductionlevel capability. This hassignificantimplications,becauseall
compute-intensiveapplicationprocessingmustoccurundertheaegisof a job schedulerandqueuingsystem.Modern
computercentersrequirejobs to start througha schedulerbecauseany othermannerof submittingto sharedcom-
putationalresourceswould violate “good neighbor”policy. Thesecondassumptionaboutour distributedcomputing
environmentis that it shouldbeableto leveragetheGlobusmetacomputingmiddlewarecurrentlybeingdevelopedat
ArgonneNationalLaboratory. It mustalsobepossiblefor parameterstudyusersto beableto bypasstheGlobuslayer
andstill submitjobsinto a distributedenvironment.This hasresultedin a GUI designwhich incorporatesseveral job
modelsfor spawningparameterstudiesin a distributedfashion.

4 ILab: The IPG Virtual Lab

We describethemoreimportantfeaturesof theILab parameterstudytool. In particular, we will discusstheparame-
terizationoperationsandalsosomeaspectsof theinternalcodingdesign.

4.1 Parameterization of Program Input Files

In order to minimize the difficulty of building a set of parameterizedinput files, we have createdwithin ILab an
integrated,special-purposetext editor. This editor, in fact, hasunusualediting capabilities:it functionsexclusively
to allow the graphical selectionof the appropriateparameterdatafields andallows the userto designatethe setof
valuesfor eachof thecandidateparameterizedfields. This parameterizeris depictedin Figure1. Thevaluesetscan
bespecifiedeitherasa list or by min/max/increment.During this process,theuserfirst selects(highlights)with the
mousethoseASCII text fields within the input file which will be parameterized.In Figure1, “beta” and“reynum”
(known to ILab asParameter1andParameter2)have alreadybeenparameterized;their valuesetsaredisplayedin
the left window. Currently the useris specifyingthe third parameterin the “Set ParamValues”dialog. If several
fieldsmustbeparameterizedin tandem(example:multiple occurrencesof, say, “timestep”for eachof severalrelated
discretizationzoneinput files), they canbeselectedat this stageandparameterizedin unison.After text selectionof
theappropriatefields,theuserentersa list or rangeof valuesfor theselectedfields. Lastly, thesetof parameterized
inputfiles is generated.Thesefilesconstituteann-dimensionalCartesianproductof theindividualparametersets.As
a simpleexample,if threeinput valuesareto beparameterized(a 3-dimensionalparameterspace),the first with the
setof values �������	��
���
�� , the secondwith �������������������������	��� , andthe third with ��
� !�"
����	 $#��"%��&�� '��"%	� , thena total of
)(*�+(,
.-/��
 parameterizedfileswill beproduced.

Becausethe file parameterizeris integratedwithin the ILab GUI andbecauseits useis intuitive, the processof
parameterizationof theinputfileshasbeenmadequitetrivial. Additionally, a “most-recently-used”(MRU) capability
savesthecurrentparameterizationstatefor futurereferenceandfor re-useor modification.

4.2 Job Masking Capability

Oneof thenecessitiesof aparameterstudyprogramis to provide“masking”capabilityfor asetof parameterizedinput
files. Usersrequirethis ability sincethey know thatcertainparametercombinationswill produceanunsuccessfulrun
of thescientificprogramunderconsideration.Typically, they want to specifycombinationsof parametervaluesthat
will be excludedfrom the setof input files andtheir associatedscript files. ILab’s “Edit Parameters”screen- the
specialpurposeeditordescribedin section4.1 - hasa pop-updialogdedicatedto this purpose.Userscanenterany
numberof maskingrules,andeachrule mustspecifytwo or moreparametercomparisons.For example,if the user
is varyingParameter1from 1 to 10, andParameter2from 55 to 75, andwantsto excludethosecombinationswhere
Parameter1is greaterthan9 andParameter2equals60, themaskingrule wouldbeenteredas:
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Figure1: ILab parameterizationscreen

Parameter1 > 9 && Parameter2 == 60

This syntax,which is the samein Perl, C, C++, andJava, waschosensinceusersare likely to be familiar with it.
The namesParameter1andParameter2areassignedin orderby ILab to the valuesbeingparameterized.(ILab, of
course,hasno way of knowing theactualnamesof parametersin theuser’s input files sincethereis no requirement
thattheinputhave labeleddata.In theexamplein Figure1, it just sohappensthattheuseris parameterizingaFortran
“namelist” file with labeledfields, but ILab itself only requiresthat the input be ASCII.) By usingPerl’s “eval”
function,we caneasilyinterprettheabove rule with minimal parsing,anduseit to deletejob objectsfrom theuser’s
list of experiments.

4.3 Coding Model and LanguageChoice

We have chosento constructour ILab GUI usingPerl5andthe Tk userinterfaceconstructiontool kit. In addition,
we have usedthe Perl generationcapabilitiesof the “SpecTcl” Tk GUI generationIDE [9], a free software tool
available from SunMicrosystems.Our choiceof Perl5wasbasedon its strongcharacterstring manipulationand
built-in regularexpressioncapabilities,stronglist andsortableassociative-hashtabledatatypes,andits simple-to-use
object-orientedfeatures.Also, Perlis relatively ubiquitousandis amongstthefastestinterpreterscommonlyavailable
today. Altogether, thesefeaturesmake Perlanexcellentchoicefor truerapid-prototyping.Thoughwe cannotexactly
quantify the savings in the codingeffort, we believe, basedon prior experiences,that the equivalent functionality
would requiretwo to threetimesasmuchC++ or Java.

4.4 Object-Oriented Data Structuresand Strategies

WeusedPerl“packages”(theequivalentof classesin C++andJava)to holdall ILab data,bothpersistentandtransient.
Figure2 depictsthedatastructureshierarchy. An Experiment packageholdsall persistentdata:this datais serial-
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Figure2: ILab datastructures

ized(written en masse, retainingdatastructurehierarchies)to andfrom disk with theuseof Perl’sData::Dumper
module. In orderto reducethe sizeof theExperiment package,several otherarraysof packagesapportiondata
that hasto be held in lists or arrays: a ParamFile packagefor eachinput file to be parameterized,a Param-
Data packagefor eachvariablethatis beingparameterizedin eachinputfile, andaJob packageto hold run-specific
data.ParamFile andParamData hold file- andvariable-specificdatawhile theExperimentis beingcreatedand
edited.In orderto runauser’sparameterstudyExperiment,a list of Job packagesis created:someParamFile and
ParamData datais transferredto Jobpackages,andadditionaldatais added.Theorganizationof datain Param-
File andParamData is “orthogonal” to the way the samedatais organizedin the arrayof Job packages:this
simplifiesscriptcreation,submission,andmonitoring.Essentially, datais in arraysof arraysduringediting/creation,
while during submission/monitoringthe samedatais flattenedout into a one-dimensionalarrayof Job packages.
Bothsetsof dataareserializedwhenanExperiment packageis serialized.

Eachwindow or dialog box is alsoa package,which holdstransientdata: userinterfacereferencesanddataas
necessary, andalso“mirror” portionsof thecurrentExperiment data.This duplicationof datamakesit easierand
morerobustto editpreviouslyentereddata,sinceausercanmakechangesandthencancelthechangeswithouthaving
to restorethe original data. Anotherimportantadvantageis gainedfrom the “mirror” and“orthogonal”approaches:
the trade-off is moredata,lesscode. Problemsin the dataareeasierto fix thanproblemsin the code,sincethey
areeasierto find, so debugging is easierand faster. Debugging is also facilitatedby the following strategies: (1)
eachpackagehasa “dump” function to print out all variablesand (2) eachpackageerror-trapsthe settingof any
variableinsidetheset portionof aget/set function.A caveatis appropriatehere:dataduplicationis by nomeans
a goodor dependablestrategy, unlessit is closely integratedwith codedesign. This integrationmeansconstantly
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reviewing thedatamembersof packages,andmoving datamembersasappropriatein orderto avoid inconsistencies
andincoherenciesin thepackagedesign.

As muchaspossible,we avoided the useof inheritance,sincewe want to keepthe codestructuresimpleand
intelligible. Someof ILab’s dialogpackagesarederivedfrom existing Tk packages,but this derivation is only one-
level deep,andis fairly transparent.Theonly datastructurethatneededto useinheritanceis ourJobModel package,
sincethefollowing conditionsaretrue: (1) we have several “job models”already, andthey have enoughsimilarities
anddifferencesto justify the existenceof a baseclassand (2) more derived job modelswill needto be addedin
the future, as ILab is expandedto accommodatemoremeta-computingenvironments. The variousjob modelsare
describedin section5.

Perlis well-known to bea highly flexible language.We wereableto furthersimplify our packagesby namingthe
packagemembersandtheget/set functionsby thesamenames,sincethePerlinterpreterdistinguishesthevariable
from thefunctionby thecallingsyntax;thevariableis$reference->{name}, andthefunctionis$reference-
>name. Note thatPerlalreadymakesit easyto collapseget andset functionsinto onefunction,so thatonly one
functionaccompanieseachdatamember.

Hereis anexampleof thisshotgunapproachin ourJob package,showing thenew (constructor)function,two data
members,(JobID andStatus) andtheStatus (get/set) functionassociatedwith theStatus datamember:

package Job;

sub new {
my $class = shift;
my $self = {};
$self->{JobID} = undef;
$self->{Status} = ’NotStarted’;
bless $self, $class;
return $self;

}

sub Status {
# Only allow one of six strings for this field

my $self = shift;
my $temp = $_[0] if @_;
if ( defined( $temp ) ) # set the variable if an argument is passed in

{
if ( $temp eq ’NotStarted’ ||

$temp eq ’Queued’ ||
$temp eq ’Running’ ||
$temp eq ’Stopped’ ||
$temp eq ’Failed’ ||
$temp eq ’Done’ )

{ $self->{Status} = $temp; }
else

{ print "attempt to set job status to illegal field = $temp\n"; }
}

return $self->{Status}; # always return the variable for get function
}

Overthecourseof alargeprogram,this“same-name”modelreducesthenumberof occurrenceswheretheprogrammer
hasto referenceanotherpartof thecodeto makesurethatnamesarecorrect.

For thoseof our packagesthatneedto be madeinto basepackages(for derivationof mostlysimilar but slightly
differentpackages),weextendtheobject-orientedapproachby puttingthepackagevariablesinto a “closure”, thereby
makingthesedatamemberslessaccessibleto programmingusersof thebaseclass.
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5 Job Models

In thissection,wewill describethevariousjob modelsthatILab currentlysupportsin orderof increasingcomplexity.
The simplestof thesemodelsrepresentsan entirely local capability, i.e., all jobs resultingfrom the creationof the
parameterstudyarealsosubmittedfor computationontothelocalmachine.Thesejob runsoccurwithouttheassistance
of any scheduler, but may includea parallel job launchersuchas“mpirun”. ILab generatesa singleshell script for
eachrun in theparameterstudy. Eachshellscriptconstructsa maindirectoryfor theparameterstudy(if onedoesn’t
alreadyexist), andthenbuilds its own subdirectory, uniquelynamedwith anautomaticallygeneratedparameterization
identifier. Filesrequiredfor inputby theuser’sexecutablearecopiedinto therespectivesubdirectories.Theexecutable
is thenstarted.Becauseno scheduleris assumed,jobsarerun sequentiallyto avoid oversubscribingthelocal system.
This is accomplishedby chainingthe shell scripts,i.e., the first shell script doesits work andthensubmitsthe next
script in thechain,etc. Note that this submission-by-chainingproceedseven if thereis a failureof othercommands
(e.g.,theuser’sprimarycomputeexecutable)within thescripts.

Thesecondjob modellaunchesjobsontoa clusterof machines(which mayincludetheoriginatingmachine),on
eachof which theuserhasanaccountandanappropriate“.rhosts” file. Eachjob is implementedwith a pair of shell
scripts,thefirst of which remote-copies(via Unix “rcp” command)thesecondscript to theremotelocationandthen
executes(via Unix “rsh” command)this scripton theremotemachine.It is thesecondshellscriptthatdoesthework
of organizingandcreatingthe directorylayout on the remotehost,andwhich thenstartsthe chainof computation.
This job modelis currentlyin a sub-optimalstateof developmentbecauseit makesno useof schedulers.We havenot
built in any mechanismfor limiting thenumberof concurrentlyrunningjobson any individual resource.This implies
thattheindividualcomputeresourcesmaybecomeoversubscribed.We areplanningto addanon-scheduler-basedjob
“limiter” into this job model.

Thethird job modelissimilarto thesecond,exceptthatthepresenceof aschedulerisassumed.Whenthescheduler
is PBS,thefirst shellscriptsubmitsto theschedulerascriptcontainingPBSdirectivesfollowedby shellcommands.

Thefourth job modelassumesthattheGlobusmetacomputingmiddlewareis usedfor remotejob submissionand
file manipulationandthata job scheduler(PBS)is usedfor queuingandstartingjobs. Theremotescript is similar to
thatof thethird job model.

Notethatnoneof theaboveshellscriptsneedto beprovidedby theuser;all necessaryshellscriptsareautomati-
cally generatedby ILab duringthescriptgenerationphase.In eachof theabovecases,aparalleljob loader(currently
MPI is supported)maybespecified.

Notethatcurrentlyfiles arenot cachedontotheremotesystemsat thetime of job submission.We have assumed
that userswill be submittinginto a productionlevel environment,andthat routing througha job schedulerwill be
requiredby the computercenteradministrator. This implies that the third and fourth job modelswill be the most
heavily used. The typical usagescenariois that a suiteof jobs is submittedthrougha scheduler, and,assuch,the
computeresourcewill be sharedwith other users. Thus the total time for the entire parameterstudy to complete
will typically benumberedin days,not hoursor minutes.This is basedon our experienceat NASA researchcenters
andon our knownedgeof the typesof parameterstudiesusersarecontemplating.Furthermore,userswill typically
be submittingtheir jobs to run on volatile scratchfile systems.This is a commonrequirementsincemostmodern
computercentersdo not make availableto usersenoughpermanentfile-systemspaceto accommodatethe input and
outputfiles of substantialparameterstudies. Cachingof files is thereforerisky sincethereis no guaranteethat by
the time an individual parameterstudy job is startedby the schedulerthat cachedinput files will not alreadyhave
beenpurgedby a periodicfile scrubber. It is unrealisticto expectotherwise.However, we have deviseda methodfor
cachingfiles only whenjobs finally start. This includesa methodfor guaranteeingthat (1) only oneprocesscanbe
copying aninputfile to a cachesothatthereis no clobberingduringtheprocedure(this involvesa lock file duringthe
cachingprocess)and(2) thatfiles which werepreviouslycached,but thensubsequentlydeletedby a scrubberwill be
re-cachedon demandby theclient job. We will beaddingthesecapabilitesto thethird andfourth job models.

Finally, a few wordson theadvantagesto utilizing shell scripts. We have taken the positionthatUnix shell lan-
guagesarethe “lingua-franca”of Unix JCL. Our choiceis the Korn shell [10] “ksh”, which is a highly expressive
languagefor constructingsequencesof commands,andfor error-trappingthem.With theKorn shell language,back-
groundprocessesand“co-processes”(backgroundprocessesthatcancommunicatewith the parentprocess)maybe
easilycreated.Processesmay alsobe easilymonitoredandsubsequentlykilled if necessary. Anotheradvantageof
usingshellscriptsis thatthey may, if desired,beinvokedindependentlyof theGUI. Thereis norequirementthatonly
the ILab GUI canstartuserprocesses.Furthermore,thoseuserswho wish to may independentlymodify the shell
scriptsfor their own purposes.The shell scriptsaretherefore“recyclable”, if desired. Sincethe commandsin the
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scriptsareinterleavedwith outputstatements,thesescriptsleavearecordof theirworkings,which is usedasa log.
ILabmay, in part,bedescribedasaGUI thatcollectsinformationonthelocationsof theuser’sexecutableandinput

files, andthenassemblesthe appropriateshell scriptsfor runningthis executable.Thus,an additionaladvantageof
usingshellscriptsis thatit is fairly easyto changeexistingjob modelsoraddnew ones.Thisis accomplishedsimplyby
modifying thegeneratingcodewithin ILab. In orderto simplify theadditionof futurejob modelsto ILab, weusedthe
objectinheritancecapabilitiesof Perl to createa baseJobModel packageandseveralderivedJobModel packages
(LocalJobModel, GlobusJobModel, etc.). New derivedjob models,e.g. for themetacomputingenvironments
CondorandLegion,canbeeasilyinsertedinto theexisting framework. Additionally, asa specialcaseof creatingand
launchingaparameterstudy, it is possible,andeasy, to useILab to launchsinglejobsruns(i.e.,asingletonparameter
study)into a localor remotecomputeenvironmentthatmayrequireany of Globus,PBS,and/orMPI. Thus,ILab may
beusedsimplyasaUnix JCLscriptgeneratorfor launchingsinglejobs,greatlysimplifingthelaunchingprocess.This
is especiallytruein thecasewherea job will berun on a remotesystemandrequiresthemigrationof input files and
executable.

6 Parameter Study Example - a CaseStudy

Until recently, parameterstudiesof aerospacevehicleflow characteristicstypically utilized two-dimensionalcompu-
tationalfluid dynamics(CFD)solvers.Thiswaspartlydictatedby limitationsin theavailablecomputeresources,both
in termsof CPU time andmemorysize. Recently, however, becauseof the increasedavailability of multi-processor
parallelmachineswith multi-gigabytememories,it hasbecomefeasibleto createparameterstudiesbasedon three-
dimensionalCFD codes. Nevertheless,the natureof the currentgenerationof aerospacevehicleflow solversstill
makestheoverheadfor suchlargeparameterstudieshigh. As anexample,we chosetheOverflow three-dimensional
Navier-Stokesflow solver [11]. This modernCFD codeimplementstheoversetgrid method(overlappingcurvilinear
grids exchangeinterpolatedboundaryinformationat eachtime-step).The MPI parallelversionof Overflow groups
neighboringgrids for solutiononto individual processors.We appliedtheOverflow codeto thesolutionof theflow
field of theX38 Crew ReturnVehicle(CRV), a NASA spacevehicledesignedasanastronautescapepodpotentially
for theinternationalspacestation.Figure3 depictstheX38 CRV andseveralof thebody-fittedcurvilineargridswhich
defineits surface. The geometryof the X38 CRV is definedby 13 curvilinearbody-fittedgrids and115 off-body
grids(which arestrictly Cartesianin topology).This grid systemcontainsapproximately2.5million pointsandsince
theOverflow coderequiressome40 double-precisionwordsof memorypergrid point, this resultsin a total memory
requirementperrunof approximately800Megabytesperrun.

Figure3: X38 Crew ReturnVehiclewith severalof its computationalbodygrids

We choseto createa 16 ( 12 parameterstudyfor two significantflow variablesin a portionof theglide regime
of the X38: Machnumber(basically, the vehiclevelocity) andAlpha (the “angle-of-attack”).This resultsin a two-
dimensionalparametricstudyconsistingof 192runs.Eachrun for theX38 vehiclerequiresfour processors.
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UsingtheILab tool involvesthefollowing steps.First, theusermustsupplya nameanddirectoryfor his “exper-
iment”, which is wherethe recordsfor this parameterstudywill be kept. Then,the namesof the local andremote
machineson which therunswill occurmustbesupplied.Next, an input file directoryis named,andthe input file(s)
to beparameterizedarespecified.At thisstage,theparameterizableinputfile will bedisplayedin thespecial-purpose
parameterizingeditor. The userparameterizesthis file asdescribedin section4.1, andthe 192 parameterizedinput
filesarecreated.Next, theuseridentifiestheexecutablenameandlocationandalsoadirectorynamein which therun
subdirectorieswill belocatedon eachof theexecutingmachines.Optionsfor specifyingMPI, Globus,andPBS,and
numberof processors(four perrun, in this case)areset.At this point, theappropriateshellscriptsaregeneratedand
theninitiated. Thisentireentryprocesstakesunderfive minutes.However, if startingfrom a previousexperiment,an
MRU file maybeselected.ILab permitstheuserto make appropriatemodificationsto theMRU file usingthesame
entrywidgetsthatareusedto createa new experiment.For caseslike thatdescribedabove, it usuallytakesundera
minuteto createandstartanentireparameterstudy.

In our experiments,two machineswereselectedfor runningthejobs,eachof which supportedMPI, Globus,and
PBS.The scriptsthat weregeneratedby ILab conformedto our fourth job model. ILab thensubmittedall jobs to
thePBSqueueson theselectedmachinesandover thenext 24 hours(approximately),all jobscompleted.Fromthe
resultingsolutions,we computedforcesandmomentsfor theX38 CRV, andfrom these,we constructeda plot of the
coefficientof lift overdrag(Cl/Cd) for thevehicle.This is displayedin Figure4. Every point in thelatticerepresents
a completeflow solution.
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Figure4: Coefficientof lift overdragfor theX38 CRV

7 CAD Tool ProcessSpecification

Currently, all informationdescribingthe user’s processis collectedthrougha seriesof previous-and-next-wizards,
which guidethe userthroughthe processspecificationprocedure.Thoughthis model is acceptablefor singlestage
parameterizations,it quickly becomesinadequatefor specifyingcomplex userprocesses.Thesecomplex processes
mayincludeseveralstagesof parameterization,pre-andpost-processingof data,archiving of data,resubmissionand
restartingof userprograms,feedbackloopsto accommodatemultidisciplinaryoptimization,etc. Currently, we are
building a visualcapabilityfor complex processspecificationwhich will beanalternative to thewizardmechanism.
This will consistof a CAD tool for constructinga data-flow diagramwhich describestheuser’s setof processes.The
userwill be ableto constructthis diagramby choosingindividual processelementiconsfrom a paletteandplacing
themin thediagramby drag’n’dropmouseoperations.This paletteof iconswill representthebasicprocessbuilding
blockssuchasinput file parameterization,moving, copying, or renamingfiles, runningan executable,etc. At each
nodeof thediagram,aright mousebuttonclick will pop-upanappropriatedialogthatwill querytheuserfor thedetails
requiredfor thatparticularoperation.Internally, a directedgraphrepresentingtheentiresetof processesin theuser’s
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Figure5: Multi-stageparameterizationprocess

Experimentis created,e.g.,a parameterizationfollowedby theexecutionof a simulationprogram,thenfollowedby
the executionof post-processingprogram(s)andarchiving. Subsequently, this directedgraphis interpreted,andthe
requiredindividual shell scriptsareconstructedfrom the informationstoredat eachnode. Theconstructionprocess
consistsof assemblingthe requiredshell scriptsfrom macros,which in this casearesmall groupsof ILab-provided
shellcommandsthatperformtheoperationtheuserhasrequested.

Figure5 depictsanexampleof amulti-stageparameterizationprocess.In thefirst stage,input to agrid generation
program(Gridder)is parameterized,resultingin threeinput files. After runningthegrid generator, threegrid systems
havebeencreated.Thesegrid systemswill bepartof theinput to aflow solver (Solver),aswill a flow variablesinput
file. It is this flow input file which is subjectedto the secondstageof parameterization.In the figure, a four-way
parameterizationhasbeenapplied. Eachof thesefour flow input files mustbe replicatedthreetimes to be paired
with thethreegrid files, andeachof thegrid files mustbe replicatedfour timesfor pairingwith theflow input. The
result is essentiallya two-dimensionalparameterstudy(3 ( 4), but it hasresultedfrom two independentstagesof
parameterization.Thisaddsahigherdegreeof complexity to theuser’sprocess,andconsequently, to themechanisms
requiredfor assemblingandrunningthesejobs. It is, in part,for this reasonthatwe areconstructinga morepowerful
userinterfacemechanismfor specifyingandcreatingparameterizationprocesses.

Summary

Theneedsof ourusercommunityhave triggeredthedevelopmentof ILab, a flexible parameterstudycreationandjob
submissiontool. This modernGUI implementsa modularexperimentalworkbenchfor programmingresearchinto
local andremotejob submissionmethods,complex userprocessspecificationtechnology, andfor experimentation
with IPGmiddleware.Our choiceof Perl/Tkasa rapid-prototypingdevelopmentlanguagestronglyfacilitatesexperi-
mentationandanticipatedfurtherexpansionof thecoreuserGUI capabilities.We haveprovenour ILab productwith
significantparameterstudycomputationsin a distributedenvironment. We arecurrentlyworking closelywith users
whoseparameterstudyrequirementsaredemanding.We areaddingthesenew capabilitiesto ILab usinganadvanced
CAD-baseduser-interfacetechnology.
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